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(54) HARD CARBON FILM 

(57) Abstract: 

PURPOSE: To obtain an amorphous hard carbon film 
having a specified electric resistivity and excellent in 
wear resistance, electric conductivity and sliding 
characteristics by using carbon or carbon and hydrogen 
as essential components and incorporating an impurity 
element other than carbon and hydrogen. 

CONSTITUTION: Carbon or carbon and hydrogen are 
used as essential components and one or more kinds of 
impurity elements other than carbon and hydrogen are 



incorporated preferably by 0.001-40 atomic % to obtain 
the objective amorphous hard carbon film having 
1x10~ 6 -1x10 2 Q.cm electric resistivity at room temp., 
1 x 10 8 -7 x 10 9 dyn/cm 2 film stress and <0.25 coefft. of 
friction to steel. At least one of the impurity elements 
is an element, forming carbide, nitride or carbonitride 
having ^ 1,000 kg/mm 2 Vickers hardness and one or 
more among Ti, V, Cr, Zr, Nb, Mo, Hf, Ta and W or one or 
more among B, Au, Pt and Ag are suitable for use as the 
impurity elements. 
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1 

mm, **&H(Dinm&±to*Mto7i**ttT&& 
£kn<Di&mmmm\z&^T, ^MT<D^tai>»au x 

1 0" fl Q • cmJ£JLh 1 x 1 0 2 Q - cm&T'V&ZZ.t 

i iz&mom'Rmm&o 
irnxmai mm. ^tcummt^m^^tv, 
mm. *m\Mvv> 1 as*K±o^i««7c**-&*-r** 
smcos?sj^*kiw^v^t, mm. **a^o^*B«5c 

?iS£0. 0 O liTX8Ui4 ORf%KTO)»STM 
ItfcO, Rj&*#lxlO» dyne/cm 2 ^±7 
xlO 9 dyne/cm 2 &TT&£ C h&ftWlt'? 

z>, mmmmm. 

[»#«4] mm, **Know8E^««7c*so. 

mxm 5 ] ME^MttTc*© o ^4>u<tt>i mm 
\m. aft:*, m^twi<»'Ptz< t«>^m^s*ric-r 

r, Nb> Mo, Hf, Ta, WOP^eiKW^ 
< £*> lmOTtm&bUZ ZLt&ftWlt T*v J*** 5 

[8MW17] fflE*JW*7G**i* B, Au, Ft, A 

[1**419] aMRO*H±l-»***xfc*t»* 
T, 

tc^&O. 0 0 1HT %&±cd«St?^U ^OKJS 
x 1 0* d yn e/cm 2 PJU:7X10 9 dyn 
e/cm 2 KTT**»20««ift*«[*«»«SnT^ 

[0 0 0 1] 



(2) *SRW6-2 1 2 4 2 9 

BIT SfctfTCfc*. 
[0 0 0 2] 

LC) , 7*:)lyyXX-tf> (a-C : H) , i -C 

mlo. o5~o. sKf^^nxv^, sis^if 

HRK*=P i#*fc«<. «ft««Wttl 0 6 -1 0 14 

[0003] a*. «K«*«o>«»««;*fc:3V>T 

te, 1 - 5 3 9 5 5*2**1, 1Wff4-2 8 7 

\m* vm<D7zmzmm\zmmisT, ««sn*&io 

[0 0 0 4] ±EO*5a«mj»»«lOtt6^ttiL/T 

[0 0 0 5] (1) Kft^R^XS^XTTf^U 
TS«±JC±S«$ii:S^^XTCVD (Chemical Vapor 
Deposition ) 

[0006] (2) ^9X^«»*sw*man*-f 

[0 0 0 7] (3) B**-*>«JK#S-**IBfc^ 

7Xvq>&m^xmm&mmt2^mm2&z>'i*>7 

[0 0 0 8] (4) ^X^W^SlOOeV- 
1 k e Vg«(0X*M-6lrt*fi**fcBKft** 

[0 0 0 9] (5) hfcll/-1f*JB 
[0 0 10] 2in6©*ftSffl^"C»«Sh&MR* 

[00 1 1] **»»ctt, tfft^t-r^ ;«MR&:£ 
50 [0 0 12] — »«tt©il*an^»»»»i:L/T 
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(3) 

3 

77 7<h«iflfiW0. 2X 1 0->-4>cl O" 3 
Q • cm<hffiV^fa^bTV^o utlH s p2gr&lC 

It, if?77^ ho4«i©WW*ttHl»:0. IN 

So . i . ' . -to 

[0 0 13] 

ffttoft, 0. 0 5-0. 2 t 

[0 0 14] CD *ffttmic£l*«IM£ # 

[0 0 15] *fc, IB»»B±©«»Ttt«ill««Utfb 
ttlWBifc*. ««K*Btt*V>IMMt«*UTV^fc 

[0 0 16] ^©J:5ftS*«<»*T*fc»^"*-* 

[0017] &ftmmmz>f77y<i 40 

ia*ieft#<*«rtr>. Lfe*oT, tf^yy-i b&mma 
M&&&*mm\zftteKfcVft\Zte*>te 

[0 0 18] — _bSfiUfc2:3a>*«R (4»^Ba'6 1 - 
5 3 9 5 5*£fc«K ^¥4 -2 8 7 8 5^i) iCfS 



4$i¥6-2 1 2 4 2 9 
fttto*, ttAffi0t*«fl 0 2 - 1 0 6 Q • c 

[0 0 19] 6LtJ:0. J»i:*t>TB«nft»J*«t 

[0 0 2 0]© Wkfatl\Z&WZ>V%m& 
—WZ, «Htt*Mttt5X 10 9 -3xl0 ,0 dyne 
/cm 2 il^#»IC*tS«cft6*«*L/T^*. -co 

ft&, &mmmim<Dmm&ik 1000 AfiutEK-r* 
&o *n*>*. KJUKMttti 000-30 o o A^s 

[0 0 2 1] ro*«K*il3W»*sn**«tl/TiB 
Mfi<»KSnft5. ftt^H S 1 CS«<0±lc«H 

cDi-e&£. 

[002 2] t^^, se^ieoM^n^sw 

fltl^a, £Oi3lCi«a#«»l/Tl/*5 
R«*R0>IRflt£ 1000-3000 ASLbfc"*"* d £ 

[0 0 2 3] fll±*D* tt*G»M«*RTMu 

[0024] ^ntf>A, *ai»©-<oiwii «n&w 

[0 0 2 5] *fc**WO«OBWtt» 
[0 0 2 6] 
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5 

[0027] ^n*$>;t, co^BSfctE5«aj^ 
^S^^^ic^v^t. SfflT<z>«»ffitt;## 1 X 1 o-« 

a-cmJ^llxlO 2 Q-cmPiTWo 
[0 0 2 8] 

*(W»7G*ttO. 0 0 liTXBLt'4 OMTX 
[0 0 2 9] *fc*«*"H#Stt, 

[0 0 3 0] -tnS>** #RW©«OJ9Hik:tiE3flMtft 

0. 0 0 lif^K±4 OH^XKTOJIS^bt 
*50> 1 x 1 0 8 dyne/cm 2 «±7 

x 1 0 9 dyne/cm 2 £;T~e&£>. 
[0 0 3 1] *fc*»?8C0««K*K^»*bV>-WJS 

n:a^«, mm, **«tt<&*»B*^**<o. 001 

[0 0 3 2] *)t*58W©«»**R«>»*^^»^» 
iWyfi—xmmi 0 0 0 kg /mm 2 £Uia>tfMfc«K 

[0 0 3 3] *&*»Mco*«et*H«>»*i>^s^^ 

«0»Bnc«A«, 5RM«tc*^ Ti (^>) . V 
A) , Nb (n*^) , MO (^EU^X» >' Hf (A 

[0 0 3 4] *fc*»MO«««*K«>»*^V^6^ 
flSCOSM^«eAtt, ^M*7C**^ B , Au 

(4), Pt OA) > Ag (i) ©»*6»*ft** 

[0 0 3 5] *fc*KMCD«*»*«lO»*L,V^a6lI. 

[0 0 3 6] *fc*«<Z>aiB±^*«IBO«SR*ll«& 
*«o. oo iK^x*fflco«ffit?^-r^^««*IR 
o. o o xm^%J^±im^%&rf<DWkm^^v, & 

■3iWlX10 8 dyne/cm 2 J£A_h7X10 9 



4) ^ffl¥6-2 1 2 4 2 9 

dyne/cm 2 aTT****#**S«HflSUTt> 
[0 0 3 7] 

[#«]• *«wi:*sM«*B^»*tt*»^afii: 

2 WHOGWk: £ * * * ~X A^ff«Et§ t»Ot#A6 

[0038] mi ^earn* 5p*Bft$*sco^v^«« 

ft 0> -*Hc*«atm/h3<fc«>. L 

[0039] sb 2 *tt*r&#*0>**v*«* 
tc^tf^csjT, ^to^sasa^f fcj:*jB»oew*c 

[0 0 4 0] coi:5fc«K«*§Ba)«««fii*«T«f 

[0041] ©^Htcfie^saKSiR^ a 

fi-COWftaHKW 1 x 1 0-«Q • cmWlx 1 0 2 

(lO^'cm-lO^Q-c 
m) \zWLK>U<m*m£teZ>o *»W*T*lc*fcDH 
■ £fcoTV>fc#«^IW±fc:«* 1 0 2 Q • cm^6 1 

o 6 o • cmeaeiTo»j«*T*ntfj:v^-Brt)nT 

CDjgtrLa&fcoT 1 X 1 0 2 Q • crn^Ttt^. 
L/, «MIB±t^5«*T»*, ««[*tt«V^*t^r«T 
-BO^RIl MT1 x 1 0" 6 Q • cm^6 3 
xlO-^Q - cmSJS<oa!r»&#bTV>*. *589J<0 

/iK ^-^T> atS*<&TPHtt 1 X 1 0«Q • cmEU: 
fcUfc. 

[0 0 4 2] a 45, «»aB^««W»«*»fc-a:*^7 
JC^ffi ^ n-S> hOa»Wl O 4 Q • cm 
75^6 1 0' 3 Q • cmSagT?**. ««^««ftaif»w«ffl 
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(5) 

7 

$n£AiK Ag, Cu (ffl ftt'ltlX 1 0' 6 O ■ c 
m^£3xl0 6 Q • cmm fiffifl^ttfliStt* 
Ta, ^^DA75:tU 5 x 1 0 6 Q • c mrt>£> 1 

o-<q • cmT&5o -€-n^A> #fswtf>— <Dmm\z% 
omnfcmm\z* ****£fc*Mis 

[0 0 4 3] tu^t, JStf**Ttf*^<*tt»«» 

W*JD©»£-tt» 0. 0 0 0 lM^%«-t**lUfcV><i: 
ffitfrtsttl x l o fl Q • cmHTfcftSa^. -*J5> A 

u*-f5j->ttXtt-c«arr*»-&. o. ooooo 1* 

*X©*inTt>JStt*ttl x l 0 6 Q-cmBTtft 

o.ooi m^%^t^» * u^«tr*. 

[0 0 4 4] ftfcU ^*>ttA»«»<&*M*S*<0 
tSJn*j*"C^ o. ooooiSf%*ico«S3>h 
n-;M*BHfcfca&. =WMWMEH:o. ooooilf 

[0 0 4 5] *&*BB8W*S»> ^KCD^*, *H« 

ftco^iras 1 1 1> fcftT-r * £ £ £ Mffl b£. JM*»fc 

0* dyne/cm 2 <fc D*£< ft 0 4 /zmriRjrcftl 

BgJS^tel x 1 0 8 dyne/cm 2 J:9s,M*<ft 
0 4 nm<D9kWV9 7y9&£.Vit. c:olS*«tO, R 
K«*R«>WB*ttlxi 0« dyne/cm 2 EU:7 
X10 9 dy n e/cm 2 JKT<OttH«T»^il 

[0 0 4 6] Wfc, ^tt«OtRJP»**4 OfiFfK^Tt? 

tt<DiST> K^s<^®T$:Biec:"r«' b**b*i*WG>» 



«ffl¥6-2 1 242 9 

[0047] &?t, mam* 6 nmotssk, ^ 

^7C??£CD8sflPS£ 0 . 0 0 1 m^%Sk± 1 K^KETFI;: 

f *Ji£*t#Sbv>::fc*J!,tHbft. JWMfcttT i 

C0Rjfe#2. 2xl0 lfl dyne/cm 2 K*JbT> S 
MO. 0 0 1If%Tlg^«5Xl0 9 dyne/ 
cm 2 *^^Jaa*51^%TK^B6X 1 0 

8 dyne/cm 2 gSlCffiM£n£, ^*><BfSlinfi 
^lH?%OS^ 7)l^~0£s£&<D±\zmW 1 0 /i 
rnQSR^fH^MbTt}, Nffl*£i;a:v*. b^ 
U R^JdUxiO 8 dyne/cm 2 s k0WS< 

ADn<^. — i«A^7Xl0 9 dyne/ 
cm 2 £0 5 /im@aPJl±oK©T^ 

R«*R*»«bfc»&* L^oT, 
t i *J8Jnbfc»'&Jc*v^T'bfl!Rfil*RcoR/6*tti 
x 1 0 8 dyne/cm 2 -7X10 9 dyne/cm 

[0 0 4 8] *&, ^*0«»7C3RI1T i Sffl^fc«-&IC 

tt»7c*o*jmfitto. ooiHfxaiiHfxftT 
[0 0 4 9] «H«3Ml^oT»B«»afcJ:*R**© 

[0 0 5 0] ®!SK*R^fflWies^icffiffl-r^«^ic 

fcS. ffl»CDffl*«^Ba)»'&, S I c-^S i 3 N< & 

icttbr; mww# s ?wfimw&* a*a>8eR«*R 

[0 0 5 1] b*btt#iS. aKRWBl^^lfiWflWffl 
^ 5 X * -tt b^56, ^«««:»»«r'tt*^t>n 
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(6) 



»BH¥6 -2 1 2 4 2 9 



10 



#0. 2 5J^TT&£££rttM£l^\, COfc&Kte, 
[0 0 5 2] »*5, ^tt«f^*&«jDbfc««K*IRa) 

[0 0 5 3] ±SE<D ( fc'3»-I*««»©±#i:«fl[OCT 

sit^a^LK TM«7c#<o»an»* o . o 
[o o 5 4] «jn-rs^ie«7c*tt. ^mmtir&mflL 20 

UfcU BF*L<tttfy*— 0 0 0 kg 
/mm 2 JK±coKft«&»flcb»S7C*-C»S::i:««ffl 

**TS«nfcW»»6tt&lt»U^-ri^%T»S, fit 
r, Zr, Nb, Mo, Hf, T a, W^£9flP£L*^ 



0«flS«fO«»ajK«« 1 O-^l 0 6 Q • cmtttH 
[0 0 5 5] <*£>fc, ^•5Lfe^MW7C*<O^MC> £ 
MEtfi 0 0 Okg/mrn 2 «±i:»saft«l*fettS 

[0 0 5 6] aUKSRtt-HRW^ft^WlcftS 
^M^bT'bftl^nT^O, jaHftSifi, NaCl 

a$<ATi, V, Cr, Zr, Nb, Mo, Hf, Ta, 
£ft«*fcfcW*Tft£fcAu, P 

[0 0 5 7] 

»1] 



7Z& 


(xir & fi • cm) 




7C& 


Cx\r*Q ♦ cat) 




T L 


3 


6 0 


Au 


2. 0 4 


2 5 


V 


1 8. 2 


5 5 


P t 


9. 8 1 


3 9 


C r 


12. 7 


1 30 


Ag 


1. 51 


2 6 


Z r 


4 0 


6 0 








Nb 


13. 9 


80 


Mo 


5. 2 


16 0 


H f 


2 9. 6 


16 0 


Ta 


12. 6 


7 0 


W 


4. 9 


3 60 




CxlO' 6 n - tc) 




mm 


(X10" 6 Q - ta) 




T i C 


70-173 


2900-3200 


T i N 


2 2-13 0 


1800-2100 


VC 


150-160 


2 8 0 0 


VN 


8 6 


15 0 0 


C r a C 2 


70-8 0 


18 0 0 


C r N 


600 -6*0 


1000-1188 


Z r C 


5 0-64 


2 6 0 0 


Z r N 


11. 0 


14 0 0-1600 


NbC 


7 4-2 5 4 


2 4 0 0 


N b N 


2 0 0 


14 00 


M05 C 


97 


15 0 0 








H f C 


.. 6 0 


2533 -3202 


H f N 


32 


1500-1700 


Ta C 


2 0-17 5 


18 00 


TaN 


13 5 


1060 


wc 


53 


2 4 0 0 









[0 0 5 8] *fc^««7C*&«ftlbfc«R«5RR&3 



50 
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(7) 



6-212429 



11 



12 



\z, z<Dmm&mmftmm&t<ftzm»*&tftfcte£ 
\z*>mmtsti'&z>o io 

[0 0 5 9] *»flfi!)«Jtft*l80«lSI:^^T 
[0 0 6 0] (a) 4i»©#ttT«K«**ft#J*+ 

[0 0 6 1] (b) 4>«<05&'ffiT«K«*«*»«+ 
fc5p>8«l7C**$trB#»^ 7>Kv9n 20 

[0 0 6 2] (c) a»©*«T8JW««WSW«* 



[0 0 6 3] (d) £^0O^T«RIK9RRft»AL, 

[0 0 6 4] ^totozmmLtzmftmmmnmmzte. 

[0 0 6 5] 

>^Xll2 0 0 0 cc/mln. , #XB£0. lTo 
r r, S«M&3 OOt, BARttA 3 0 0W©*ttT 

a«K*R<o««sff«:ofc. set* cnsaxftfr* 

@^IT, Wfc*>^X^>#X (WF 

c ) &«inLfc#eu BW"K:w*«saiDa 

Zi&f&lslto MCttSl, S U J 2 > #5>X£ffiffl 

fro »*s*2^"r. 

[0 0 6 6] 
[«2] 



No. 


WF 6 #X$&S 
( c c/rn i n. ) 




CO • cm) 










0 


0 


5x1 0 12 


1 5. 8 


0. 0 8 


0. 1 5 


Jt«^2 


0. 001 


0. 00001 


2x1 0 7 


9. 2 


0. 0 9 


0. 1 4 




0. 0 1 


0. 0001 


8x 1 0 5 


1. 2 


0. 1 1 


0. 15 




0. 1 


0. 00 1 


2. 1 xl 0 3 


0. 6 


0. 10 


0. 1 7 


a&MM i 


1 


0. 0 1 


■U xl 0' 


0. 6 


0. 1 2 


0. 1 6 




1 0 


0/ 3 


2. 3 x l o*i 


0. 4 


0.15 


0. 1 8 




10 0 


2. 5 


3. 3 x 1 0" 3 


0. 3 


0. 1 9 


0. 2 1 


*«9JW4 


10 0 0 


3 1.6 


1. 2 x 1 


0. 2 


0. 2 7 


0. 32 




2 0 0 0 


4 6. 2 


6. 1 x 1 0 5 


0. 2 


0. 3 5 


0. 8 5 


w&m6 


4 0 0 0 


7 8. 2 


8. 5 x 1 0'* 


0. 2 


0. 5 8 


mm 



[0 0 6 7] Z. £T> *«&«&<&SI£E:, S i fi«± 
«t 3J^Xi«±l:«lmm; fiS12mm(D)Bi« 40 

ufc. mmumz. suj2s«±^ru 

^tr>«H^SUS 3 0 4> t!>G>ft*¥ft& 3m 

W110N, fl»iK2 0 0mm/8ec. ( )IBi 50 



fel 0 0 0 0 OlEjiibZLo &43, Xj»|3ItffT«|ja»«f& 
[0 0 6 8] ^2 

O-'for r*T!»AU S^tf-ASSSSiHi: O^ffl^f 

«fcJ:*«***#*Lfc. l«Ifil^4 0 0ttU 
l5MW^2 0 0W<i:b^ A^a^com^ 

©^F«*ai**tft2Xt^:&J;5k:L/i:. 

10" 4 Torr»AU ife#il/T2. 5xiO" J To 
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(8) 



6-21242 



13 



14 



x. **kk> ateco * co o 6 9] 



N o. 




QK?X) 


(Q • cm) 


(®/mm 2 ) 




(cm) 


1 


T i 


1. 9 


6. 9X10- 3 


0. 3 


0. 1 8 


0. 2 0 


2 


Y 


2. 0 


2; ixlO" 2 


0. 4 


0. 1 7 


0. 1 8 


3 


C r 


2. 0 


3. ixlO' 2 


0. 3 


0.14 


0. 2 0 


4 


Z r 


2. 1 


1 . D X 1 U 


L U. 0 






5 


Nb 


2. 1 


4. 5X10" 2 


0. 4 


0. 1 6 


0. 22 


6 


Mo 


1. 9 


9. 7X10"' 


0. 3 


0. 1 7 


0. 2 5 


7 


H f 


2. 0 


6. 2xi 0" 3 


0. 4 


0. 1 7 


0. 1 8 


8 


Ta 


2. 2 


1. lxl 0' 3 


0. 3 


0. 2 1 


0. 2 5 


9 


W 


2. 0 


8. 5 x 1 0~ 3 


0. 3 


0.2 0 


0. 2 0 


1 0 


Au 


2. 0 


1. 2x10-' 


0. 3 


0. 09 


0. 27 


1 1 


P t 


2. 0 


7. 5X1 0- 


0. 3 


0. 1 3 


0. 2 6 


1 2 


A* 


1. 9 


2. 8x1 0- 4 


0. 2 


0. 09 


0. 2 9 


1 3 


T j 
N 


2. 0 
0. 5 


5. 8X1 0- 3 


0. 3 


0. 1 9 


0. 2 2 


1 4 


C r 
N 


2. 0 
0. 8 


8. 3X1 0" 


0. 4 


0. 1 3 


0. 19 



[0070] mnw3 

>^XSSl2 0 0 0 cc/m in. , UX&O. ITo 
r r, MIS3 0 0t, Kra&£h2> 3 0 0 WOftfrt 
«HR*R©»J**frfco;fc. 2©«H«*KK:»-"^* 

tt» *jiX*;P*^8 OkeV, ttASfcU x 1 0 16 c i 



5lf%, ^B^^iS^O. 1 Mm£-TCD¥m?fa0. 

fcb 18***4 fcfBT. 
[0 0 7 1] 
< '»4] 





(Q • cm) 


if* a-xTO 




(#m) 


T i 


1 3. 4 


2 7 4 0 


0.11 


0. 16 


W 


8. 4 


2 3 80 


0.13 


0.17 


Au 


1. 2 


2 0 5 0 


0. 0 7 


0.17 


P t 


2. 0 


2 110 


0. 0 8 


0.17 



[0072] mmm4 

mmm2 tmm^mx, suj 2s«±k, t k X , 



te&fe, «0(B«:£oS#O*ofct>O*«f . 
[0 0 7 3] 
«5] 





i 




T i 


A u 


F e 


8 o°c. mst9 5%, 1 0 0# 


O 


o 


X 


2 5 3 «AJB*«t«x 2 0 0 IfRQ 


o 


o 


X 


2 5U 5%mm<p. 2 4mm 


o 


o 


X 



[0 0 7 4] g 

mmsBia, »jc«»»^<o*ffl*aoetTi»«, **6 

K»*I^JfiL^o ilg2 0mm(OXr>UXaR^7 
S/0>*Bfffc, *JB«l©5&&TMo* 1 OHTXSftlb 
TtMUStrL**8. 1 X 1 0< Q • cmtlfclTO 

fc«lftB\ [Blte*3 0r. p. m. T^v-£LT2 4 



50 



[0 0 7 5] 
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(9) 



6-212429 



15 



16 



10- ! Torr*t»AU «T£-Afc58Bcfc 0 M o 
Lfc. S«MS«2 0 OpcbU 

©«t & suss u xmsmia* 3>ha-jn^ #£n& 



[0 0 7 6] 
K6] 



No. 


(mA) 


Mol£ 


(x l 0 8 
dune/cm 8 ) 




mm-4 /urn 
SJW©HfS 




0 


0 


2 2 


0. 18 


ikiJHB 


JUM2 


1 0 


0. 00001 


1 0 


0. 1 7 




Mfflfl 1 


3 0 


0. 00 1 


6. 8 


0. 17 






5 0 


0. 01 


6. 5 


0. 16 




*S6W« 3 


6 0 


0. 1 


5. 3 


0. 17 




*56 4 


7 0 


1. o 


5. 0 


0. 1 5 




•*SB9MW5 


8 0 


2. 9 


4. 9 


0. 17 


m 




10 0 


19.6 


1. 2 


0. 19 




**9§«7 


2 0 0 


39. 1 


0. 1 


0. 25 




lt«5!t*]3 


3 0 0 


43. 5 


0. 0 5 


0. 3 5 




Jttft0»J4 


4 0 0 


67. 4 


0. 0 1 


0. 58 





[0 0 7 7] 

1 O-'To r rS"!?«Al/. «f If— A^KSiOftS 
U HiBiai*i£2 0 0WtLfc. &f-\d-b>m&M.<r> 

7C^ 



*£5X 1 0 'To r rJSAU 4«=tl/T2. 5x10 
to r r ICbT^KSff^ofe. #e,nfc6B©K5l?M 

[0 0 7 8] 
C^7] 



N O. 



*mm i 



^%Bfl^J 1 0 



aflSMW 1 1 



*&*m i 2 



1 3 



i 4 



*f§BJ3e"J 1 5 



B 



T i 



C r 



Z r 



Nb 



Mo 



H f 



Ta 



W 



Au 



P t 



Ag 



T i 
N 



C r 
N 



mm 



24. 9 



25. 1 



2 5. 2 



25. 5 



2 3. 6 



2 3. 6 



2 5. 7 



25. 8 



25. 8 



2 4. 2 



2 6. 2 



2 7. 1 



2 8. 7 



.2 0. 
, 9. 



5 
9 



1 5. 
1 2. 



1 
0 



Cx 1 0 9 
dyne/cm 2 ) 



4. 9 



3. 1 



4. 2 



3. 6 



3. 8 



3. 2 



3. 0 



4. 5 



5. 0 



4. 9 



3. 2 



3. 5 



3. 3 



4. 2 



4. 1 



(Q « cm) 



5. 6X10 



5. 2X1Q-" 



3. 5xlQ-» 
3. 1 X 1 Q-» 



2. 2X1Q 



5. 



1 x 1 Q-» 
QxlQ-* 



6. 9x10- 
2. QxlQ- 3 



9. 4X10 



1. 7x1 



8. 



2x10 
2x10 



o- 

r 



6. 1x10 



7. 9X10 



0. 1 8 
0. 1 9 



0. 1 7 



0. 16 



0. 1 6 



0. 1 6 



0. 1 7 



0. 1 8 



0. 2 1 



0. 2 1 



0. 1 1 



0. 
0. 



1 2 
0 9 



0. 1 9 



0.15 



[0 0 7 9] $mm8 

^^>^XStI3 0 0cc/min. , #XE0. IT 



50 



o r r, S«iaffi2 0 CC, i@5jg&ffl*> 3 0 OW0>£:# 



—169— 



JP0006212429 [Mtp://wvwv.getthepaten^ 10 of 11 



(10) 1 2 4 2 9 

17 IS 

CO 0 8 0] 2:«)J;dtCLT#e.nfci!!gCT^KlCPL, [0 0 8 1] 



No. 


















RJ?5 








CI 0° 












(cc/oin. ) 




dr t e/cra 2 ) 






Cki/m 2 ) 


(Q • co) 




1 


0 


0 


2 2 


0. 


1 8 


6 2 0 0 


3X10° 


X 


2 


0. 3 


0. ooos 


8. 1 


0. 


2 0 


5 30 0 


4 3 0 


A 


3 


0. 5 


0. 001 


6. 9 


0. 


1 9 


4 60 0 


10 8 


O 


4 


3. 0 


0. oos 


5. 7 


0. 


1 9 


4 100 


2 3 


O 


5 


1 0 


0. 022 


3. 9 


0. 


2 0 


3 5 00 


3. 4 1 


O 


6 


30 


0. 061 


2. 5 


0. 


19 


2900 


0. 8 5 1 


O 


7 


100 


0. 1 9 


1, 0 


0. 


2 0 


24 0 0 


0. 186 


o 


8 


300 


0. 5 8 


0. 7 


0. 


2 2 


17 0 0 


0. 02 3 


o 


9 


500 


0. 98 


0. 4 


0. 


24 


15 8 0 


0. 0042 


o 


1 0 


1000 


1. 98 


0. 0 8 


0. 


2 8 


13 9 0 


0. 0DQ49 


o 


1 1 


2000 


3. 89 


0. 05 


0. 


32 


1230 


0. 000025 


o 




* * [«9] 








mis* 










m&S urn 


No. 




fig 


(X10° 




mm 






Cct/fflifl. ) 




dfn/cffl 2 ) 








• cm) 




1 


0 


0 • 


22 


0. 


1 8 


6 2 0 0 


3X10 9 


X 


2 


0. 0 5 


0. 0003 


1 0. 2 


0. 


1 9 


6 0 0 0 


12 0 


X 


3 


0. 1 


0. 0006 


6. 4 


0, 


2 0 


5 4 0 0 


7 2 


O 


4 


0. 3 


0. 0014 


4. 7 


0. 


1 9 


550 0 


2 3 


O 


5 


0. 5 


0. 0025 


3. 4 


0. 


20 


4 7 0 0 


5. 6 


o 


6 


3. 0 


0.015 


2. 9 


0. 


20 


4 30 0 


1. 5 


o 


7 


1 0 


0. 040 


1. 8 


0. 


2 1 


38 0 0 


0. Zi 


o 


8 


30 


0. 1 6 


0. 9 


0. 


1 9 


2900 


o. on 


o 


9 


10 0 


0. 52 


O. 6 6 


0. 


2 0 


280 0 


0. 00*2 


o 


1 0 


3 0 0 


1. 9 


0. 5 8 


0. 


2 3 


260 0 


0. 00081 


o 


1 1 


500 


3. 0 


O. 30 


0. 


2 4 


2 3 0 0 


0. 00018 


o 


1 2 


1000 


5. 3 ... 


. 0. 32 


0. 


3 1 


2 10 0 


0, 000032 


o 


1 3 


2 000 


12. 1 


0. 2 1 


0. 


3 8 


2 3 0 0 


0. 0900 18 


o 



co o 8 3] mmw9 30 >©»UTv>fc^**tti£*©KJ8iK©«K«*R0>* 

**>#XiiKS3 0 0 cc/mI n. . #X£E0. IT *>OSXtintI«-C*aASnTlr^V>I«T!t) 

o r r. ££££2 0 0"C. KMttiUAS 0 0W©M 0. 2 1 Tifeofc. «K«*K<Z>i; ^-XSfilt * 

4 o»wo<iRK-cagJ9 5 o o o A<D&m&tmm*7)i5. auMttire 2 0 o-ea-=>fc. 

^CAS«±tCfiEfiS-a-fc. ^©SIMOilmm [0 0 8 5] 

X*JU* li 8 0 k e V. aAlB ixi0"fi/cm ! X&tt. 

-Pcfeofc. ftAStlfc3Flfi«5c«tb"rc!)Autt,' .*« 40 [0 0 8 6] 'EnCiD. AV, OAWMAt)l/<B 

UT^fc. ®S^^KO^»fi«iI?8S (Auigg) US* tt#«*»3aWlf»m^^^MM»&»»» 

[0 0 8 4] wsnfcraftfci^^i&jPttAsnfc co o 8 7] -*&*»Hfc*ntf, a 

**©W*©««tttt*il'*fci = ; ^ 12 0QTS.O »ft«»tttt*-t-»*»Tf«**H«*Re»«-t* s 
fe. £©««©«!ie»!lll©«SlfflR*ttl OSSCQ • c 

mgf£T*ofc. *0MKRK*K©««tT;U5 ' [0 0 8 8] cnt.-fcO, A#fc»Ml»tt*-H>fclM* 

=->Aas*tB8ooMQ«aafirwiianT^fc. -r uft«»6«««)«t»«tbi=*«'»"c*>it««««-e«R 
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C 3 0 B 29/04 Q 8216-4G 
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